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Background & Introduction

Magnetic Field

Goal: Noninvasively measure Magnetic
Contours

Brain function with high Field Line
temporal resolution and
sufficient spatial definition &
signal-to-noise to enable the
most accurate source
localization.

Address instrumentation
issues: Cost, Robustness,
Shielding, State-of-art
te(:hn°|°gles’ Precision & Active Neuronal Bundle Volume (return)

Accuracy. producing electrical currents
current (red vector)
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The SIS System - Motivation (z nistory)

Novel Basic Imaging concept (Fiynn et al.)

Image neuronal currents on superconducting surface

Inherent Shielding & Imaging properties

Meissner effect of SIS eliminates most external fields (W-independent)

Lower noise, simple SQUID sensor design, materials, fabrication methods.

Incorporate state-of-art Technologies
Control system & real-time analysis tools (MEGAN, Brainstorm)
State-of-art SQUID electronics & sampling technology

R.H. Kraus, Jr., Ph.D. y email: rkraus@lanl.gov
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Magnetic Field Scale

SQUIDs are the
MOSt Sensitive 1 T~ +—— Earth Magnetic Field (DG Component)

01 T

Magnetic Field o |

10 T
J_ +«——Magnetic Impurities in the Lungs

5 1 <+—Human Heart (QRS Complex)
o <+—Skeletal Muscles

| «+— Fetal Heart (QRS Complex)

«— Epileptic Spike
8 4— +——Human Brain (A Rhythm)

<+— HIS Bundle
|—+—— Evoked Response in Brain
107 T

1 1 +—Low-T; SQUID Noise
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SQUID array inside SIS
“helmet” with all sensors.

The LANL Whole-

Head SIS-MEG System
Lead Superconducting
Imaging Surface (SIS)
“helmet”.

Corian®-like support
and mounting structure.
(DuPont/LANL Patent)

1 N

The cryogenic column is immersed
in liquid helium at ~4 Kelvins.
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Goal of Magnetic Measurements
Study Neuronal Activity:

temporal evolution, spatial localization & evolution

Requirements:
Maximal S/N
Precision/Accuracy of sensor array & sensors ...
(assumed but rarely discussed)
Complete & accurate description of the forward physics

Magnetic field distributic$ r$aa$|red outside the head

Estimation of source location and temporal evolution

One of the greatest challenges for the SIS-MEG system was describing the forward
physics

email: rkraus@lanl.gov
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B..
Analytic '\f
Approaches

to Describing >

SIS-MEG A
- Msouroe
Forward physics 4
source
Current-loop dipole M, located at _ M4 ([;MR, M MR, M .
r=(xo Yo zg), and My, s 6 i BO- [3 o0 e ® T RY Planar Imaging-Surface

3
Current dipole Q. located at rp, and Qg 1 a 1
located at P’=(a/ ry)2 r, R (3] ®RY

rB- -%r-(Q XK,) Spherical Imaging-Surface

But not feasible for complex geometries

R.H. Kraus, Jr., Ph.D. Biophysics Group, Los Alamos National Laboratory email: rkraus@lanl.gov
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Effect of
Complex shape
of SIS Helmet:

Hemispherical
helmet with ear
cut-outs and
brim.

R.H. Kraus, Jr., Ph.D.




PllfSiﬁ‘S* MEG with the SIS-MEG system

> Los Alamos
— Blophysics Group, Los Alamos National Laboratory

2 AT

I D
= ‘JBJ .J15.1, A 11ag . 110° ANSE
! 9 | ¢
J7 0 J9% ), J14l15 g6

D135 |

oo U1 ® 0 K14

£kt g 5 o

1151164 X2 2 PO =17

|Z12.|_13., "o P j38 L D3 D6.D9 D1’;|‘315F3.K13
L10L116 @~ DI = 5= b

.8 .1.9 "7%\2&.@05% B1\B8 C1/C5 ogrmem.mz

. &
® A4\ B6 2. C2 C4 |

\.Ls e A% 5 B5 B3 g NG C1°F5.L<11
e c8

\.57 JESVV. 88 g8tz o O8 ciig i

AR co 9
L A1es” (o p1B14 ciz e
NEse 'R, S Bt e

! Arara AR L IAS | )
\E5® 13 lg——é‘“so A& cl4 ®
5 K3 oy A2 T ke
[ BTG, C15 ¢
\.ES Eo K5 C16 .yg;/
~eo. o K6
e ¢

i

=
e

AR

Ry
b5
]

IS % [
S R
A SRR
v i ‘““‘m i
R e
e

Al
"iga

<

&
I

FEM mesh following the as-built geometry of the SIS. left: gray mesh
represents the SIS, vertices of teal colored surface denotes SQUID positions,
right: and flattened rendition of SQUID sensor array with sensor numeration.
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FEM Model Implementation
a FEM description of as-built SIS implemented (Volegov, et al.)

u Meissner currents concentrated along element edges, Use B, (surface)=0
boundary condition

w SIS divided into 2734 triangular elements

u Magnetic field at each element is superposition of the primary field and the
fields produced by all triangular elements.

u Using Biot-Savart, sum primary field and fields produced by all triangular
elements.

EAl.j.I:—b., i=lm

2 (r.(k) + kD
Aij _H n, 'E[rf'f('k) ><r(k+1)] ij ij
4 £=0

i (k) (k+1) o (k) (k+1) (k) | q(k+1)\y?
i Gy (G )

Ty
(k k mod 3
b, =n;-B,(p,) ri‘)=pi_v(f mety

I Laboratory
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system & description of Forward
Physics

Blophysics Groum, Los Alamos National Laboratory ! LasmAs s
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Experimental data Model data after CS transf. R2[16.9] TF0.20-1.1]
e 1
E 05
0

% 05
0

Magnetic field distributions for 6 phantom sources near the apex and edge of the SIS helmet.
(left) Measured results, (right) FEM model results, (below) (Measured - FEM model)
Difference between experimental and modmm:u %

R.H. Kraus, Jr., Ph.D. Biophysics Group, Los Alamos National Laboratory email: rkraus@lanl.gov
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Effect of SQUID calibration

SQUID location, orientation, sensitivity calibrated by
Inversion of multiple-phantom data for each SQUID

4
—— after calibration
2
£
P Before calibration
(=]
G
c
)
E 03 »
02 _ After calibration
0.1 H
1 5 10 15 20 25

Phantom Coil #

R.H. Kraus, Jr., Ph.D. 0 ic email: rkr
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50-coil set Independent Phantom Localization

0.5 T T T T T
Set #1 Set #2 (rotated)
0.45
<Precision> = <0.25mm for
all phantom coils. o4

— previous best reported in E°'35
literature ~1.5mm E 03 i | | |

Phantom coil #16 mislocated 025 A pA I\ l
(during inspection process) U \ }

0.2F | -

S/N ~20 for equivalent of 770 v\/
epochs. Maximal signal 015 : ]
nominal 100-500fT.

0.1

i H i H i
1 5 10 15 20 25 30 35 40 45 50
ph.coil#

Multi-dipole, orthogonal time series data. Using calibrated SQUID positions, sensitivities

R.H. Kraus, Jr., Ph.D. Biophysics Group, Los Alamos National Laboratory email: rkraus@lanl.gov
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Background Shielding

Frequency independent !!
Inherrent (low cost)
Strongly source dependent.

Measured Whole-Head Background Shielding Near helmet apex:
(near DC to 1kHz) i A y
2000 Shielding factor
1800 1 | —o—Unshielded Cooldown observed from ~200
1600 -
5 1400 | | —= Shielded Cooldown to ~1900
,:_'é 1200 4
_g’ 1000
S 800
[}
g 600 4
Near helmet edges: 400 {
Shielding factor 200 1
3 0 . . . . . . |
observed from ~15 to o 10 0 0 0 o o 70
~170 Angle above brim (degrees)

R.H. Kraus, Jr., Ph.D. Biophysics p, Los Alamos National Laboratory email: rkraus@lanl.gov




H MEG with the SIS-MEG syst A
an}’ with(CE QA - Los Alamos

r— Blophysics Group, Los Alamos National Laboratory

Background Field Model Results:
Effect of Background Source

R.H. Kraus, Jr., Ph.D. oph Group, Los Alan nal Laboratory
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Conclusions

» Completed FEM description for SIS forward physics
(applicable to any superconducting surface)

» Demonstrated excellent agreement between FEM
model and experimental results.

» ~2 orders of magnitude frequency-independent
shielding demonstrated.

» 0.25mm mean localization accuracy demonstrated for
phantom sources.

» Data acquisition system complete/tested
> Real-time source localization in progress (new LDRD)

R.H. Kraus, Jr., Ph.D. Biophysics Group, Los Alamos National Laboratory email: rkraus@lanl.gov
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Near-Term Plans

» Locate SIS-MEG system at VA-Albuquerque. Perform efficacy
studies with human ‘normal.’ — NIH, MIND

> Move SIS-MEG system to VAMC-Minn.
Perform preliminary measurements on
monkeys with implanted electrodes
(“gold standard”). NIH Continuation
grant to build SIS-MEG optimized for
monkeys & incorporating lessons
learned.

» Conduct experiments focused on real-
time single event analysis with
‘feedback.’ (Perlmutter, Tang at
UNM/VA-Albug.) - MIND

R.H. Kraus, Jr., Ph.D. Biophysics Group, Los Alamos National Laboratory email: rkraus@lanl.gov
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Instrumentation Advanced MRI
Research and fMRI
Research

Functional
Brain Imaging

Modeling &
Computation

email: rkraus@lanl.gov
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End
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u-MEG SQUID array & Dewar

b

High resolution
MEG to observe
activity at the level
of cortical columns

email: rkraus@lanl.gov




